Disc alumina membrane supports were formed through agar gelcasting method. The agar gelcasting was expected to be environmentally-friendly forming technique using simple equipment. Final agar amounts (0.25 -0.75wt%) in gelcasting mixtures were varied to find the optimum condition of shaping and the desired microstructure of sintered supports. The gelcasting mixtures were prepared from non-reactive grade Al2O3 and porcelain at the ratio of 98.5:1.5 by weight. The porcelain addition allowed the membrane support to have high strength at lower sintering temperature. When the final agar amounts increased from 0.25 to 0.75wt%, the dried, gelcast supports tended to have rough surface and subsequently resulting in crack. TGA profiles confirmed that there was interaction between agar chains and kaolin particles on cooling the gelcast supports leading to different microstructures after sintering. The final agar amount of 0.5 wt% provided the highest porosity of 48.9% and the highest relative density of 61.5%. Additionally, the average pore size of 1.5 µm was obtained at the final agar amount of 0.5 wt% suitable for using as asymmetric membrane support or microfiltration membrane.
INTRODUCTION
Asymmetric ceramic membrane is usually used for industrial applications, especially for the heat-related and acid/base conditions [1, 2, 3] . In those conditions, polymeric membrane cannot withstand. As a result, the asymmetric ceramic membrane is still favourable, although its cost is high compared with the competitive material. For tubular ceramic membrane, the typical method of forming in large scale production and laboratory is extrusion method [4, 5] . However, the extrusion method needs an extruder offering continuous production and being easy-toform technique. However, the extruder is very expensive for ceramic factory. Therefore, a new forming method of ceramic membrane support through agar gelcasting is proposed in this work. The new method is expected to be practical alternative to forming tubular ceramic membrane without the extruder.
Agar is a polysaccharide extracted from red algae. Agar is a thermo-reversible and non-toxic gel; therefore, its usage is rather green process compared to conventional, toxic gelcasting [6, 7] . In the development of ceramic fabrication process, agar is utilized for forming Al2O3 ceramics [8, 9, 10] . For forming Al2O3 ceramics, agar can be mixed with Al2O3 slurry in the form of agar solution at a temperature higher than its gelling temperature. The agar gelcasting is thoroughly studied on viscosity, drying shrinkage, green strength and density. Those properties are controlled by the concentration of agar solution and the final agar content. The positive feature of agar gelcasting is high green strength suitable for the step of green body machining instead of that of sintered body machining [9] .
In addition to the aforementioned studies, drying method for agar gelcast sample need to be given attention. Since the drying method of agar gelcast sample occurs from so-called syneresis mechanismremoval of water from agar gel structure [10, 11] . The syneresis of agar gel last for hours resulting in the deformation and cracking of agar gel due to stress development. Consequently, the drying stage plays a key role in gelcasting process indicating good formability without cracking.
Agar gelcasting offers the advantage of controllable microstructures for either dense or porous classifications [11, 14] . However, membrane pores are typically created from interparticle void. In the case of Al2O3 membrane, reactive grade Al2O3 powder is needed for sintering Al2O3. Therefore, the prepared membrane possesses the specific pore size and strength depending mainly upon the particle size of sinterable Al2O3 powder.
In this work, non-reactive grade Al2O3 was used for preparing membrane support by agar gelcasting. The use of non-reactive grade was to the reduction of cost. To keep mechanical properties of Al2O3 membrane support, porcelain-composition powder was used as sintering aid-liquid phase sintering. Therefore, glassy phase from the sintering aid was expected to bind the non-reactive grade Al2O3 together. The pore size created should be the void between the used Al2O3 particles larger than the usual. The small amount of porcelain was added at 1.5 wt% in order to maintain the Al2O3 featured properties. Final agar amounts were varied from 0.25 to 0.75 wt%. The gelcast membrane supports were examined with XRD and TGA. The sintered membrane supports were tested by SEM. The porosity of sintered supports was determined by Achimedes' method. The results from SEM images showed the characteristic pores resulting from interactions between agar chains and kaolin particles contained in the porcelain powder. The pore sizes occurred from the interaction were different from the expected pore sizes resulting from void between particles.
METHODOLOGY

Preparation of Gelcasting Mixture
Two main preparations were carried out, i.e. Al2O3 slurry and agar solution. The separate preparations were to make the complete dissolution of agar powder leading to the achievement in homogeneous mixture of alumina slurry and agar solution. Raw materials used for preparing Al2O3 slurry consisted of Al2O3 powder and porcelain-proportioning powder. Low cost Al2O3 powder (A-325, non-reactive grade, Thai supplier) with particle size of less than 44 µm was used. Ranong kaolin, potassium feldspar and silica purchased from Thai suppliers were mixed at 50:25:25 by weight percent for preparing porcelain powder. The amount of porcelain powder was fixed at 1.5 wt% functioning as the binder of Al2O3 particles. All the powder was ball milled for 24 h in porcelain jar using Al2O3 ball. The Al2O3 slurry was prepared at 75 wt% total solid loading. Ammonium salt of polyacrylic acid was used as dispersant at 0.07 wt% of the total solid being determined from deflocculant curve.
Gelcasting of Al2O3 Membrane Support
Agar solution was prepared from boiling agar powder (Thai supplier) at 2 wt% concentration in distilled water. The agar solution was mixed with the prepared Al2O3 slurry maintained at 50°C. The agar solution was mixed at different amounts to obtain different final agar amounts at 0.25, 0.50 and 0.75 wt% of total solid. The warm Al2O3 mixtures were gel-cast into PVC ring (diameter of 50 mm and thickness of 3 mm) to obtain disc green support with 3 mm thickness. The gelcast mixtures were soaked in a solvent for 1 h to make solvent-exchange drying condition. In other words, it was to make syneresis of agar gel. The soaked gelcasting samples were removed from the solvent leading to rapid drying at room temperature. The dried samples were sintered at 1400 and 1450°C for 1 h.
Characterizations
The gelcast samples were examined with XRD (Philips Xpert MPD) and TGA for phase analyses and weight losses, respectively. The weight losses were expected to appear some interactions between the solid particles and agar chains. The TGA measurement was carried out in N2 atmosphere at the heating rate of 10°C/min. The measurement in N2 atmosphere helped in analysis related water-particles-agar interactions. The more detail of interactions might appear the coexistence of solid particles and agar chains. The sintered samples were characterized by XRD and SEM (JEOL JSM-5200). The average pore size was estimated by using SEM images. Porosity, water adsorption and relative density of samples were characterized by Archimedes' method.
RESULTS AND DISCUSSION
The gelcast green Al2O3 membrane support with different final agar amounts were fabricated as shown in Figure 1 . The cracked green sample was a representative sample of 30% cracking from 10 samples. The photos of gelcasting green samples showed the trend of formability resulting in the cracking when the final agar amount reached 0.75 wt%. The result suggested that using larger amount of final agar has negative effect on the gelcast formability. Figure 2(a) displays the weight losses with temperature of green samples indicating some interaction between agar chains and solid particles; while Figure 2(b) shows the weight loss of agar powder with temperature. Apparently, agar powder losses its weight at about 100 and 260°C relating to the removal of moisture and agar chains. When the agar chains co-existed with solid particles, the trend of weight losses was rather complicated. Interestingly, the total weight losses of green samples were not parallel with increasing final agar amounts, i.e. 2.2, 2.9 and 1.4 wt% for the final agar amounts of 0.25, 0.5 and 0.75 wt%, respectively. The results implied that there were some interactions between agar chains and solid particles within the range of final agar amounts studied in this work. The assumption was confirmed from nearly the same moisture removal for all the green supports. Therefore, the ratio of agar:solid particles had significant effect on the existing interactions. A study reported that there were different interactions between agar chains and cationic or anionic surfactant including non-ionic surfactant [15] . As a result, the different ratios of agar:solid particles might provide different interactions leading to different microstructures of sintered membrane supports. Figure 3 indicate XRD patterns of all the gelcast green membrane supports. All the XRD patterns showed the presence of α-Al2O3, kaolin and quartz phases. However, there was no phase of potassium feldspar. The result might be due to detection limit of XRD. Too small amount of potassium feldspar was undetectable with XRD. Interestingly, there was unknown peak for all the green membrane supports at 2θ of 8°. The insert in Figure 3 displayed clearer peaks for the unknown phase. The unknown peak occurring at < 10° was attributed to the nature of layer-by-layer clay. The interlayer distance corresponded with dspacing leading to diffracting X-ray at 2θ of < 10° when it was calculated from Scherrer's equation [16] . The result indicted that kaolin particles were arranged into layer-by-layer way when the particles were coexisted with agar chains during gelation. Figure 4 shows XRD patterns of all the sintered membrane supports. The results indicated the existence of only α-Al2O3 phase. Due to too small amount of the other phases after sintering, the other phases were undetectable by XRD. The physical properties related to support membrane application, i.e. porosity, water adsorption and relative density were shown in Table  1 . From all the results of porosity, after sintering at 1450°C membrane support containing 0.50 wt% showed the highest porosity of 48.9%. When considering the further property, i.e. water adsorption, at 0.50 wt% final agar amount membrane support offered the highest water adsorption of 20.2% corresponding with its porosity. Additionally, its relative density was rather high as well. Consequently, containing 0.50 wt% final agar amount met the requirement for membrane application compared with the other membrane supports. Figure 5 shows SEM images of sintered gelcast membrane support at two magnifications, i.e. 1000x and 5000x. Clearly, the microstructure of sintered membrane supports was different when final agar amounts increased from 0.25 to 0.75 wt%. The average pore size for only the membrane support containing 0.5 wt% final agar amount was determined from its SEM image since the two another membrane supports showed no measurable pores. The average pore size for 0.50 wt% final agar amount was about 1.5 µm. All the microstructures were parallel with their physical properties. The microstructures confirmed that there were different kaolin α-Al2O3 Quartz
interactions for the different ratios of agar:solid particles. From further consideration on the interaction, it was assumed that agar chains and kaolin particles had interaction together. Since kaolin has negative surface charge and positive sidesurface charge, it interacted with agar chains having negative charge on their side chains. Therefore, the different ratios of agar:kaolin affected the microstructure of membrane supports after gelation of agar leading to final different microstructures after sintering. The SEM images revealed thermodynamic equilibrium creating different pore shapes. In other words, their optimum ratio formed phase separation in different ways. Too many amounts of agar resulted in severe phase separation responsible for the cracking during drying and rough texture after sintering. However, the finding of phase separation differed from the case of using porcelain body for forming through aqueous injection molding [17] . In other words, there was no phase separation appeared when only porcelain body was used for gelcasting. The different results might be related to the whole amount of porcelain for the injection molding and only the small amount of porcelain for the gelcasting in this work. From further literature reviews on the interaction between agar chains (biopolymer) and kaolin (clay) particles, it was found that their interaction was parallel with the polymer-clay interactions, i.e., intercalation, exfoliation and phase separation [18, 19, 20] . The mechanism of phase separation confirmed the root of porous microstructure accidentally obtained in this work. However, the root of phase separation was complicated since there were several factors related to the interactions between clay and polymer composites such as types and amount of clay and polymer, preparation methods, etc. Therefore, useful characterizations need to be carried out further to confirm the existing interactions leading to controllable microstructures.
CONCLUSION
Disc Al2O3 membrane supports were formed by agar gelcasting. The porcelain-proportioning powder was added to Al2O3 slurry to bind the non-reactive grade Al2O3 leading to densification of Al2O3. The results showed that the final agar amounts had considerable effect on the co-existence with kaolin contained in porcelain. The different ratios of agar:kaolin offered the form of different phase separation leading various pore size and shape within the microstructure of membrane supports. The pore sizes occurred in this work were rather large differing from typical membrane support generated from the interparticle space.
